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Migrant tuberculosis screening in the EU/

EEA: yield, coverage and limitations
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ABSTRACT: A systematic literature review was performed with the objective of assessing the

effectiveness of tuberculosis (TB) screening methods and strategies in migrants in European

Union/European Economic Area (including Switzerland) countries.

Extracted data on yield and coverage were used as indicators of effectiveness. Reported yields

varied considerably between studies and countries. Considering only the 14 studies representa-

tive of national screening programmes, a median yield of TB disease of 0.18% (interquartile range

0.10–0.35%) was reported.

The data did not indicate differences in effectiveness between the three main strategies: 1)

screening at port of entry; 2) screening just after arrival in reception/holding centres; and 3)

screening in the community following arrival in European Union countries. The variation seen

probably reflects variation in risk factors for TB, in particular the composition of the migrants

entering the country.

Recommendations include the need for improved data for guiding the optimal frequency and

duration of screening; assessment and improvement of cost-effectiveness; access to healthcare

for migrants, including illegal migrants; ensuring a continuum of care for those screened; and

consideration of screening for latent TB infection with caution. Finally, screening should be a

component of a wider approach, rather than a stand-alone intervention.
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I
n most parts of the European Union (EU),
particularly in low-incidence countries, the
decline in tuberculosis (TB) incidence has

slowed. This trend is partly related to immigra-
tion from countries in Africa, Southeast Asia,
parts of Latin America and former Eastern
Europe. In these countries, TB remains more
widespread than in most EU countries, and far
less controlled. Within the EU, the percentage of
foreign-born cases among overall TB cases ranges
0–82, with a mean of 20 [1]. In most low-incidence
countries, this percentage has been increasing
since the late 1990s [2]. Furthermore, TB among
the foreign-born tends to affect the younger age
cohorts [3].

Factors influencing TB incidence among migrants
are country of origin, age, sociodemographic
factors, exposure and travel to country of origin,
access to care, drug resistance and immune
incompetence [4]. Three main epidemiological
aspects are associated with the high incidence of
TB among migrants after settling in low-incidence
countries [4]. 1) Reactivation of prior TB infections.

Several studies suggest that the majority of
migrant cases occur due to reactivation of latent
infection [5, 6]. 2) Recent TB infection or reinfec-
tion due to travel to the home country [7–9].
3) Recent infection or reinfection within the new
country that is related to local exposure and social
mixing [6, 10–12].

Screening for TB is one of the interventions often
performed to control TB among new entrants in
low-incidence countries. Screening focuses on
foreign-born persons who apply for immigration
or who have recently arrived for two main
reasons: 1) TB rates are highest among recent
arrivals; and 2) the application for immigration or
long-term residence provides a unique opportu-
nity for screening and is one of the few reliable
points of contact with new entrants [4].

Different screening systems for migrants are
employed in the various EU countries. A study
in 2003 into screening programmes in the EU
showed that half of the 26 countries that reported
data had no specific TB screening programme [13].
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Of the 13 that had a screening programme, three conducted
screening at the port of entry and nine at other centres after
arrival. At that time, no EU country conducted pre-entry
screening.

The comparative effectiveness of the different screening
strategies has not been previously evaluated. We, therefore,
conducted a systematic literature review with the purpose of:
1) assessing the effectiveness (coverage and yield) of various
screening strategies and methods of identifying active TB
among new entrants to the EU/European Economic Area
(EEA) member states (including Switzerland for the purposes
of the present review); and 2) comparing the EU/EEA findings
to those of non-EU low-incidence countries. The proposed
approach is a unique comparative analysis of the effectiveness
of various screening strategies not previously attempted.

Screening in the EU focuses on active disease. Latent TB
infection (LTBI) yield was reported less frequently, which
made comparison of studies difficult. Therefore, the present
article focuses on the effectiveness of screening for TB disease.

METHODS
Literature search
Online reference databases (PubMed, The Cochrane Library,
MEDLINE, EMBASE and Scopus) were searched using key-
words combinations of ‘‘(im)migrant’’ (or ‘‘asylum seeker(s)’’
or ‘‘refugee’’ or ‘‘foreign born’’) with ‘‘screening (policy)’’
either alone or in combination with ‘‘X-ray’’ (or ‘‘tuberculin
skin test’’) and ‘‘port of entry’’ (or ‘‘visa’’ or ‘‘arrival’’). In
addition, the library database of the KNCV Tuberculosis
Foundation was searched. Articles published up to February
2008 were included.

Only articles for which at least an English abstract was
available were included. After scanning through titles and
abstracts, relevant full articles were obtained. Articles aged
.10 yrs (i.e. from before 1998) were excluded unless they
appeared highly relevant, i.e. reporting yield of screening in an
EU/EEA country or specifically discussing EU policies as
regards screening. After thorough screening of abstracts and,
where available, full articles, studies were given a classification
of A, B, C or D, developed for the present systematic review, as
follows. A: randomised comparative studies, in which inter-
vention and control are randomly assigned to an individual to
undergo a certain screening programme. B: studies reporting
yield and/or coverage of screening programmes for new
entrants or populations, with the majority being migrants by
any strategy or any method. C: studies reporting on screening
in relation to migrants but not reporting yield/coverage data.
Studies on risk factors for TB in migrants, comparative studies
on screening diagnostic tools, studies on treatment outcome
and adherence, studies modelling screening outcomes and
studies on DNA fingerprinting related to migrants/the foreign
born were included. D: articles/reports discussing current
screening programmes, screening policies and strategies of
screening at country or regional level in relation to public
health or regional level epidemiology, as well as studies on the
cost-effectiveness of screening strategies.

Owing to the nature of the studies, it was not possible to use
more standardised classifications, such as the Scottish
Intercollegiate Guideline Network criteria [14].

Definitions
A TB case was defined as a bacteriological or clinical diagnosis
of TB based on intention to treat. Not all studies reported
criteria and definitions clearly; therefore, hereafter TB cases
refer to TB cases as reported by the authors, which implies TB
cases detected through screening by chest radiography.

Coverage was defined as the percentage of the target group to
be screened that was indeed screened.

TB yield: the various articles used different definitions for
yield. Most articles did not provide sufficient detail to
recalculate TB yield to a standardised definition. Therefore,
yield was used as reported by the authors and hereafter yields
refer to such.

Screening strategy was defined as the set of regulatory actions
and regulations that act to regulate the screening of individuals
for the presence of a disease.

In order to classify screening strategies, six categories were used
as follows. 1) Pre-entry/pre-migration screening: screening
before arrival in the country of destination. 2) Port of arrival
screening: screening at the airport/harbour upon arrival. 3)
Reception/holding/transit centre screening: screening at the
reception or holding centre shortly after arrival in the country.
In most countries, asylum seekers are referred to special
holding/reception centres to await a decision on their immigra-
tion status. 4) Community post-arrival screening: screening at
the community level after arrival, usually for migrants other
than asylum seekers. 5) Occasional screening: screening of
specific groups (migrant shelters or illegal migrants) in the
community, e.g. during outbreaks. This is not part of a regular
screening programme. 6) Follow-up screening: periodic follow-
up screening after the initial entry screening.

Screening at the reception/holding centre, in the community
following arrival and occasional screening all take place after
arrival but have potentially different yields. Therefore, the
different approaches were categorised separately.

Some screening programmes are voluntary, whereas others are
mandatory. Even mandatory screening is often carried out
without coercion. Compliance is ensured in several ways, i.e. the
screening result is a requirement for a residence permit, access
to healthcare or social benefits, or permission to work [4].

The definitions of migrant, asylum seeker, foreign-born citizen
and illegal migrant of RIEDER et al. [15] were adopted.

Migrant: a foreigner legally admitted and expected to settle in
a host country.

Asylum seeker: a person wishing to be admitted to a country
as a refugee and awaiting decision on their application for
refugee status under relevant international instruments.

Foreign-born citizen: a person who is a national of the state in
which they are present but who was born in another country.

Illegal foreigner/migrant: a person whose entry, stay or work
in a host country is illegal.

Data extraction
Data were extracted from the articles classified as A and B. No
attempt was made to obtain original data. Articles classified as
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C and D were used for discussion of their findings. If more
than one screening strategy was discussed in an article, or
when data on asylum seekers and migrants were reported
separately, a separate data record was extracted into the
database for each type.

The present review focused on articles from EU/EEA countries,
hereafter referred to as the EU. For comparison, data were also
extracted from articles from non-EU countries. This was carried
out for studies classified A and B from non-EU countries
published since 2000. These data were used to assess whether or
not there were differences between EU and non-EU countries in
terms of the screening strategies used, and yield and coverage of
screening obtained. They were also used for the discussion
section, but did not form part of the main analysis.

Data extracted from studies on occasional screening were
presented, but not included when stratifying the data by
characteristics influencing screening coverage and yield
(table 1) for reasons of comparability (see above).

Owing to the high variation and skewed distribution of data
between studies, mean¡SD was not an appropriate measure
for comparison. Therefore, median and interquartile range
(IQR) were used to compare yield and coverage between
studies. Owing to the large variability seen between studies
and limitation of the data, a meta-analysis of the effectiveness
of different strategies was not possible. Therefore, no inference
and heterogeneity index are given.

The focus of the present review was a comparison of the
effectiveness of different screening methods in the EU. Since
cost-effectiveness was not taken into account, effectiveness per
se was difficult to judge. The comparison of the screening yield
with background prevalence of the country of origin was
judged unfeasible given the suboptimal reporting of the
nationality of screened individuals in the studies included in
the review.

RESULTS
Literature search
A total of 568 (nonduplicate) references were found using the
search terms in the search engines, of which 345 were classified
A, B, C and D (fig. 1). Only one article was classified as A [42],

but, owing to the different nature of this article, these data
were not used in the main analysis. Data records were
extracted from the 49 articles from EU countries classified as
B [12, 16–31, 33–41, 43–64]. Data from 11 of these were not
included in the analysis as they had data ranges overlapping
those of other included studies [45, 47, 48, 50, 53, 54, 56, 60–62,
65]. In such cases, the record with the widest data range (in
time or geographically) was retained. Two articles reported
only LTBI yield [39, 58]. From the remaining 36 articles, 40
records were extracted, since two records were extracted from
each of four articles [28, 30, 36, 41]. For the comparison with
non-EU data, 15 records were extracted from 14 articles
published after 2000 [66–79].

Screening in the EU
The extracted data from EU countries form the basis of the
present systematic review. The extracted data covered 12
countries, 11 EU countries and Switzerland, which was
included due to its comparability to the other countries in
the region. All of the above-defined strategies were reported,
except for pre-entry screening. The UK started implementing
pre-migration screening in several countries in 2005, but no
data were reported. All migrant screening programmes from
these 12 countries reported the use of chest radiography to
screen for active disease. This approach was applied using
different guidelines, and sometimes in combination with
different diagnostic tools, i.e. stepwise symptom screening or
screening first for LTBI using the tuberculin skin test. Exact
details of methods were not always clearly reported. Therefore,
a meta-analysis and/or more in-depth analysis of the effec-
tiveness of different methods was not possible.

Overall yield and coverage of screening

Data on coverage were not reported for all of the studies. Of
the 42 records, only 22 reported coverage data [12, 17–23, 25,
26, 30, 33–36, 40, 41, 46, 49, 52, 57, 59]. Coverage ranged from
,20 to almost 100%. The lowest coverage was reported from a
study in the port of arrival scheme in Hackney, UK [33]. The
highest coverage, 99.8%, was reported from screening of
asylum seekers in Belgium [63]. 10 studies reported losses to
follow-up, which varied widely, ranging 1.6–60.0% (median
11.5%; IQR 6.1–25.2) [18, 33–35, 39, 46, 49, 52, 55, 59].

TABLE 1 Determinants of coverage and tuberculosis yield in 28 records from screening upon or just after arrival

Records of coverage/

yield n

Subjects n Coverage % Reported yield % [ref.]

Type of coercion

Mandatory 12/21 24156 (12176–68122) 90.6 (70.2–95.7) 0.28 (0.10–0.42) [12, 16–32]

Voluntary 4/7 2855 (1121–4311) 48.5 (34.7–66.2) 0.40 (0.16–0.98) [33–38]

Type of migrant

Asylum seeker 9/12 17824 (10331–33753) 94.0 (75.0–95.5) 0.35 (0.25–0.41) [12, 16, 18, 22, 25, 26,

28, 30, 34, 35, 37, 39, 40]

Other migrant 6/14 5925 (1431–36951) 47.8 (39.3–76.3) 0.17 (0.10–0.63) [17, 19–21, 27–29, 31–33, 36, 38, 41]

Migrants/asylum seekers 1/2 218565 (50748–386382) 96.1 0.30 (0.09–0.50) [23, 24]

Data are presented as median (interquartile range), unless otherwise indicated; the combination data (migrants/asylum seekers) represent two studies and so data are

presented as median (range). Occasional screening and follow-up screening studies were not included.
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The overall yield of TB screening among the extracted data
from the EU articles ranged 0.0–4.0%, with a median yield of
0.35% (IQR 0.11–0.71%) (table 2). The yield varied considerably
between the different studies. The highest yield reported was
4.0%, in an occasional screening study in Italy in a community
of Senegalese migrants [52]. The highest yield obtained in a
regular screening programme was 1.5%, via the port of arrival
scheme in Hackney (UK), where three cases of TB were
detected among 199 people, although coverage was only 18.6%
[33]. The lowest yield reported was in Greece at 0.0% among
1,727 persons in a report of screening of asymptomatic
migrants applying for a residence permit [21]. When occasional
and follow-up screening were not taken into account, the
overall median yield reported was slightly lower at 0.30% (IQR
0.10–0.51%). 10 studies differentiated between pulmonary and
extrapulmonary TB. The majority of cases were pulmonary TB,
with a median proportion of 91.6% (IQR 87.2–93.9%).

Yield and coverage by screening strategy
The reported coverage varied and was highest for screening at
reception/holding centres (table 2). Only one study in the UK
reported coverage for community post-arrival screening,
which was very low at 18.6%. The coverage of entry screening
for the Netherlands is estimated to be ,70% [41]. Screening at
the port of arrival, in the reception/holding centre or in the
community after arrival produced similar yields for TB disease
(median 0.20–0.36%, with overlapping IQR) (table 2). The
lowest TB disease yields were reported for follow-up screening
after the initial entry screening. A median yield of TB disease
of 0.12% was reported for follow-up screening, with a median
coverage of 46.5% (table 2). The highest yields, as well as high
coverage, were reported from occasional screening studies, in
which the median yield reported was 1.7%, with a median
coverage of 91.0%.

Occasional screening does not form part of the regular
screening programme and is used either for specific (high-
risk) groups or on specific occasions. A study in Spain during a
hunger strike among asylum seekers in churches reported a
yield of 0.73% (n5546) [55]. During an outbreak of TB in
migrant shelters in Paris, a yield of 1.72% (n51,360) was
reported [43]. Occasional screening studies have much lower
sample sizes and are not directly comparable with studies
reporting data from a national screening programme. Three
studies report on screening of a specific group of refugees on
or shortly after arrival, with a median yield of 0.72%. Two were
Kosovan refugees being screened upon arrival in Norway [57]
and Ireland [59], and one reported on a cohort of Vietnamese
refugees arriving in Denmark [44]. Only one study reported
the yield of screening of illegal migrants. This was an
occasional screening study in Italy, for which a yield of
0.65% was reported [49].

Yield and coverage by country
Of countries with a national screening programme, Belgium,
Germany, the Netherlands, Switzerland and the UK, the
extracted data showed similar ranges of TB screening yield,
with median yields of 0.20–0.40% (table 3). Norway reported a
lower yield at 0.11%. Coverage varied but was reported to be
.90% in nearly all countries. The studies from Belgium and
the UK reported much lower coverages of ,55%.

Yield and coverage by other characteristics
When screening was mandatory, a much higher coverage was
reported than with voluntary screening (median coverage 90.6
and 48.5%, respectively) (table 1). Median TB yield, however,
seemed slightly lower in mandatory screening studies (0.28
versus 0.40%), although the variation was large.

The median yield of screening of migrants reported was
slightly lower than that of asylum seekers (0.17 and 0.35%,
respectively) (table 1), although large variation was seen,
especially in the migrant group.

Subsample of nationally representative studies
When only large-scale studies reporting data on the whole or
nearly the whole country, representative of the national
screening programme, were compared and smaller studies
were omitted, data from 14 studies remained (table 4) [18, 20,
22–24, 26–28, 30–32, 41, 63, 64]. These studies had a median
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FIGURE 1. Flow diagram of selection process of articles included in the

overview presented in the current review. EU: European Union/European Economic

Area; LTBI: latent tuberculosis infection; POA: port of arrival; CPA: community post-

arrival screening; RC: reception/holding centre.
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sample size of 42,036 (IQR 25,837–63,779) and reported a
median yield of 0.18% (0.10–0.35%) and median coverage of
89.0% (76.2–95.9%). These figures could be considered medians
obtained from national migrant screening programmes in the
EU setting.

When comparing the three main strategies within this group of
14 nationally representative studies (table 4), no strategy
appears to be the most effective. The median coverage reported
for screening at port of arrival was 92.4%. The yield obtained
among other migrants seemed slightly higher than among
asylum seekers in these selected studies (0.25 versus 0.11%),
whereas coverage was higher among asylum seekers.
Although the median yield (0.30%) obtained by screening in
the community after arrival seemed higher, only two studies
were available, and only one of these had a yield higher than
that of screening at port of arrival or reception/holding centre.
Screening after arrival and in reception/holding centres both
reported median yields of 0.18%.

Screening in non-EU countries
For comparison, data were extracted from non-EU studies. The
countries covered in the included studies were the USA,
Canada, Australia and Japan. The sample sizes of the non-EU
studies were smaller than those of the EU studies (median
1,444 versus 4,679, respectively). Coverage was similar at 84.5%
(IQR 70.2–94.7%) in non-EU countries and 86.1% (55.9–94.8%)
in EU countries. Overall, the median yield of screening seemed
slightly higher in the non-EU studies, in which the median TB
yield was 0.51% (0.17–1.23%), whereas this was 0.35% (0.11–
0.71%) in the EU studies. No data were available on screening
at port of arrival for the non-EU countries. The reported yield
of screening in the community after arrival in non-EU
countries was 0.31% (0.11–2.1%). For the non-EU countries,
data on pre-entry screening were available. This screening
strategy produced a high median yield of 1.21% (0.85–1.25%).
However, data were only available from three studies that all
concerned migrants entering from Asian countries. Two studies
reported on pre-migration screening of USA-bound migrants

from Vietnam [66, 80] and one on USA-bound migrants from
Cambodia [66].

The coverage reported from studies on voluntary screening
programmes was very similar in EU and non-EU countries,
with a median coverage of 75.8 and 76.7%, respectively. The
reported coverage of mandatory screening programmes was
slightly higher in non-EU countries, mainly due to the 100%
coverage of pre-migration screening.

DISCUSSION

Interpretation of findings
Very few systematic evaluations of screening for active TB have
been carried out. When examining the yield and coverage,
indicators of effectiveness, of the different strategies in the EU,
we found high variability. There was no indication of higher
effectiveness in the EU countries of any of the three main
strategies: 1) screening at port of entry; 2) screening just after
arrival in reception/holding centres; and 3) community post-
arrival screening. If only the studies representative of national
screening programmes (14 studies) were considered, a median
TB disease yield of 0.18% (IQR 0.10–0.35%) was reported. This is
several-fold higher than the TB incidence rates in low-incidence
countries, which are usually ,0.05% [1, 2].

Outside the EU, screening yields for post-entry screening were
similar. Non-EU countries also reported a fourth strategy, i.e.
pre-entry screening, of which the reported yield seemed
higher, with a median yield of 1.21%. These reports were
limited to prospective migrants from Asian countries to the
USA and Australia.

The large variation found between studies, countries and over
time probably reflects variation in the major risk factors,
particularly the composition of the migrants entering the
country [23, 67].

The higher yield reported among asylum seekers might be
related to the difficult circumstances asylum seekers experience

TABLE 2 Sample size, coverage and tuberculosis yield for different screening strategies in European Union countries

Records of

coverage/yield n

Subjects n Coverage % Reported yield % [ref.]

Pre-entry screening NA NA NA NA NA

POA 9/14 20000 (6779–46675) 75.0 (53.6–96.1) 0.36 (0.10–0.52) [16, 18–20, 23, 26, 27, 29–32, 35, 36, 40]

POA+CPA 1/1 1691 83.2 0.65 [17]

RC 5/8 16044 (4610–102754) 92.3 (89.0–95.0) 0.29 (0.10–0.38) [12, 21, 22, 24, 25, 28, 34, 37, 38]

CPA 1/5 2855 (1344–12128) 18.6" 0.22 (0.10–0.38) [28, 33, 36, 38, 41]

Above combined 16/28 13507 (2855–42601) 86.1 (55.1–95.1) 0.30 (0.10–0.51)

Follow-up screening 1/4 4566 (4230–25030) 46.5 0.12 (0.09–0.17) [30, 41, 63, 64]

OS 3/5 977 (590–1328) 91.0 (83.4–92.2) 1.72 (0.73–2.74) [43, 46, 49, 52, 55]

POA–OS# 2/3 909 (755–1423) 85.0 (79.5–90.5) 0.72 (0.71–1.0) [44, 57, 59]

Total 22/40 4679 (1443–29425) 86.1 (55.9–94.8) 0.35 (0.11–0.71)

Data are presented as median (interquartile range), unless otherwise indicated. NA: not available; POA: port of arrival; CPA: community post-arrival screening (by

invitation); RC: reception/holding centre; OS: occasional screening. #: reports on screening of a specific group of refugees at or shortly after arrival; these studies were

also considered occasional screening studies since they covered only a specific group of migrants; ": data from one UK study, coverage of entry screening for the

Netherlands is estimated to be ,70% [41].
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before arrival in the host country [68] and access to care within
the host country [69, 70].

The results of the present systematic review suggest that the
yields of screening for active TB are relatively low, particularly
when compared to other types of active case-finding, such as
contact tracing [45, 71, 72], and warrant consideration of
screening as a component of a wider approach rather than as a
stand-alone intervention.

Our systematic review revealed that, in addition to the regular
screening programmes, some countries carry out occasional
screening of specific high-risk groups or in specific circum-
stances (e.g. illegal migrants and outbreaks). These studies
reported the highest yields, probably due to the specific
conditions or groups targeted.

It is interesting that the present systematic review revealed that
a mandatory approach to screening resulted in higher coverage
but not necessarily a higher TB yield. This suggests that
enforcing screening upon the migrant population might not
have a public health benefit. Mandatory screening possibly
increases the absolute number of cases detected since the
overall number screened are increased. If screening is
voluntary, people who feel ill may be more likely to enrol
than people who do not feel ill, increasing the yield.

Recent policy changes
Several countries have recently adapted their national screening
system, such as Switzerland [29] and the UK, or have called for a
national screening system in publications, such as Italy and
Spain [5, 55, 73, 74]. As part of this project, a study has been

TABLE 3 Sample size, coverage and tuberculosis yield reported for entry screening in different European Union countries

Strategy Records of

coverage/yield n

Subjects n Coverage % Reported yield % [ref.]

Belgium RC, POA# 3/3 15735 (10265–77852) 57.0 (55.3–78.4) 0.40 (0.36–0.41) [30, 34, 40]

Denmark POA–OS" 1/1 1936 0.72 [44]

France OS 1/1 1360 1.72 [43]

Germany RC 2/2 4058 (2965–8117) 93.9 (93.1–94.7) 0.25 (0.13–0.72) [12, 37]

Greece RC 1/1 1872 92.3 0.0 [21]

Ireland POA–OS" 1/1 909 96.0 1.27 [59]

Italy OS 2/2 977 (721–1232) 92.2 (91.6–92.8) 2.34 (0.65–4.02) [49, 52]

The Netherlands CPA, RC+ 1/4 49652 (26418–130460) 95.01 0.30 (0.24–0.34) [25, 28, 41]

Norway RCe 2/2 203147 (111530–294765) 89.0 0.11 (0.09–0.10) [22, 24]

Spain OS 1/2 546 (383–1384) 75.8 1.74 (0.73–2.74) [46, 55]

Switzerland POA 2/6 24156 (11251–46675) 96.9 (96.5–97.3) 0.46 (0.18–0.52) [16, 23, 26, 27, 29, 51]

UK POA, CPA 7/10 2273 (1010–16141) 55.5 (39.5–79.1) 0.23 (0.10–0.75) [17–20, 31, 33, 35, 36, 38]

Data are presented as median (interquartile range), unless otherwise indicated; data from Germany, Italy, Norway and Spain, as well as coverage data from Switzerland,

represent two studies and so are presented as median (range). Follow-up screening studies were excluded as they were only reported in studies from Belgium and the

Netherlands. RC: reception/holding centre; POA: port of arrival; OS: occasional screening; CPA: community post-arrival screening. #: Belgium has been carrying out

centralised screening upon arrival since 1999; prior to that screening was not systematic, but voluntary screening at reception centres occurred; ": screening of refugee

groups of specific origin offered asylum in the country (Vietnamese for Denmark and Kosovan for Ireland) at or shortly after arrival; these studies were also considered

occasional screening studies since they covered only a specific group of migrants; +: CPA covers migrants and RC asylum seekers; 1: among asylum seekers in RCs; the

coverage estimate for migrant entry screening is 70% (C. Erkens, KNCV Tuberculosis Foundation, The Hague, the Netherlands; personal communication); e: there was

one additional record of (occasional) screening of Kosovan refugees upon arrival in Norway (n5600), with a tuberculosis yield of 0.70% and coverage of 74.0%.

TABLE 4 Summary of sample size, coverage and yield for 14 selected national representative studies

Records of

coverage/yield n

Subjects n Coverage % Reported yield % [ref.]

POA 4/10 45800 (25912–89509) 92.4 (85.5–96.2) 0.18 (0.09–0.35) [18, 20, 23, 24, 26, 27, 30–32, 63, 64]

CPA 0/2 35374 (30879–42401) 0.30 (0.10–0.50) [28, 41]

RC 1/2 36740 (33879–42601) 77.30 0.18 (0.10–0.26) [22, 28]

Immigrants 4/6 36326 (30954–47964) 76.2 (70.2–81.9) 0.25 (0.15–0.34) [20, 27, 28, 31, 32, 41]

Asylum seekers 2/6 46675 (25584–85166) 92.6 (90.8–94.4) 0.11 (0.08–0.24) [18, 22, 26, 28, 30, 63, 64]

Combined 1/2 205269 (114713–295826) 97.6 0.25 (0.17–0.33) [23, 24]

Data are presented as median (interquartile range), unless otherwise indicated; community post-arrival screening (CPA), reception/holding centre (RC) and combined

data represent two studies and so are presented as median (range). POA: port of arrival.
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carried out to make an inventory of migrant screening policies
in EU countries. This survey will be published separately.

Limitations
The present systematic review had some limitations. Not all
studies clearly reported the criteria and definitions used,
which made detailed comparison between studies impossible
[4, 13, 75]. For example, definitions of TB differed; some
studies reported only culture-confirmed cases, whereas others
used intention to treat. The diagnostic tools used also varied
between studies, countries and strategies. Although all
reported programmes used chest radiography as a primary
method of screening for active disease, its use and sometimes
combination with other tools, such as symptom screening,
differed. In addition, the lower age limit of the population
targeted for radiographic screening ranged 4–15 yrs.

Issues for consideration in the screening debate
The following recommendations on migrant screening could
form part of a strategy for improving TB control in Europe.

Requirement for improved data
There is a need for rational decision-making regarding the
optimal frequency and duration of screening based on cost-
effectiveness analysis [50, 67]. Other authors have previously
reported that, out of 20 EU countries with TB screening
programmes for new entrants, only four were systematically
collecting data [4]. The results of the present review also clearly
indicate that systematic recording and reporting of screening
performance must become a prerequisite for any screening
programme in order to guide evidence-based decisions and
support policies and be able to compare results across different
member states. In particular, data on coverage and yield must
be systematically collected and analysed using the same
criteria. Evaluation of the recent changes in screening policy,
as indicated above, will provide valuable information for
screening programmes in the EU.

Assessment and improvement of cost-effectiveness
TB screening programmes are currently the subject of debate
because of their costs and public health impact [11, 51, 76–79].
Recent analysis of the cost-effectiveness of screening pro-
grammes concluded that current radiographic screening pro-
grammes have minimal impact and are not cost-effective [81].
Such studies should also be performed in the European setting.

Screening large numbers of migrants requires substantial
resources and it is suggested that it may be of more public
health benefit to concentrate scarce resources on the early
detection of TB through regular services, treatment completion
and improving access to healthcare for migrants [82]. Better
targeting of those with a high risk of developing active disease
both at entry and thereafter is needed in order to increase yield
and, therefore, cost-effectiveness.

Improvement of access, particularly for special groups
Improved access to care for migrants, and especially illegal
migrants, is important for TB control [83]. There is a need for
inclusion of groups that are currently not properly covered
that are at higher risk of TB, e.g. illegal migrants. It is a
challenge to target this hidden population. Care should be
taken that policies are not misused to enforce migration

regulation by identification of illegal migrants. An anonymous
screening system could be of value [84, 85].

Assurance of continuum of care
A good follow-up system is very important for all of the
strategies in order to maximise the yield of the entry screening
system. Proper follow-up is needed in order to minimise
withdrawals during screening and to maximise coverage of the
target group, as well as treatment adherence. Screening for
active disease can only be beneficial for public health when
treatment success rates are high. TB care should be offered
integrated with other healthcare within the context of a holistic
approach to ensure the health and well-being of new entrants.

Consideration of LTBI screening with caution
Since not enough data on LTBI screening for proper comparison
were available in the selected articles, LTBI screening could not
be included in the main review. Although screening in the EU is
focused on TB disease, in recent years, there have been calls for
LTBI screening and provision of preventive treatment in order to
eliminate TB [86–91]. Outside the EU, some migrants are
screened for LTBI [88, 92, 93]. It has been suggested that the
major potential benefit of entry screening is the detection of LTBI,
but only if cases with latent infection receive and complete
preventive therapy [77, 87]. This would increase the expense and
complexity of the intervention, and the benefits of treatment
should be balanced against the side-effects and public health
impact [77, 90, 94]. Screening for infection seems only warranted
when screening and treatment of TB disease are well functioning.

Screening for LTBI was usually carried out via the tuberculin
skin test. The more recent interferon-c release assays might be
a helpful tool in LTBI screening. A recent systematic review on
diagnosis using interferon-c release assays concluded that
current evidence suggests that these tests have the potential to
become useful diagnostic tools. However, whether this
potential can be realised in practice needs to be confirmed in
well-designed long-term studies [95, 96].

Global investment in TB control
It was calculated that USA-funded efforts to expand the
directly observed therapy strategy programme in Mexico,
Haiti and the Dominican Republic could reduce TB-related
morbidity and mortality among migrants to the USA, produ-
cing net cost savings for the USA [97]. Developed countries
will gain most by supporting TB control strategies not only in
Europe but also in the rest of the world [74, 86, 97, 98].
Therefore, the ideal long-term TB control strategy remains
global investment in TB control [81], in line with the principle
of think locally, act globally [86].
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